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Abstract
Background: The Eastern Cape Province reports among the poorest health service indicators in South Africa with
some of its districts standing out as worst performing as regards maternal health indicators. To understand key
drivers and outcomes of this underperformance and to explore whether a participatory analysis could deepen
action-oriented understanding among stakeholders, a study was conducted in one of the chronically poorly
performing districts.
Methods: The study used a systems analysis approach to understand the drivers and outcomes affecting maternal
health in the district in order to identify key leverage points for addressing the situation. The approach included semi-
structured interviews with a total of 24 individuals consisting health system managers at various levels, health facility
staff and patients. This was followed by a participatory group model building exercise with 23 key stakeholders to
analyze system factors and their interrelationships affecting maternal health in the district using rich pictures and
interrelationship diagraphs (IRDs) and finally the development of causal loop diagrams (CLDs).
Results: The stakeholders were able to unpack the complex ways in which factors were interrelated in contributing to
poor maternal health performance and identified the feedback loops which resulted in the situation being intractable,
suggesting strategies for sustainable improvement. Quality of leadership was shown to have a pervasive influence on
overall system performance by linking to numerous factors and feedback loops, including staff motivation and capacity
building. Staff motivation was linked to quality of care in turn influencing patient attendance and feeding back into
staff motivation through its impact on workload. Without attention to workload, patient waiting times and satisfaction,
the impact of improved leadership and staff support on staff competence and attitudes would be diminished.
Conclusion: Understanding the complex interrelationships of factors in the health system is key to identifying
workable solutions especially in the context of chronic health systems challenges. Systems modelling using group
model building methods can be an efficient means of supporting stakeholders to recognize valuable resources within
the context of a dysfunctional system to strengthen systems performance.
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Background
South Africa has of late been faced with almost routine
and violent, service delivery protests; difficult labour re-
lations, including in the health sector; widespread con-
cerns about lack of accountability at all levels [1] and a
highly politicized environment which affects the daily
functioning of public services. In addition, the country
faces a quadruple burden of disease, including the
world’s largest HIV burden and the largest and most
rapidly scaled-up program of anti-retroviral therapy, put-
ting an already frail public health system to the test.
The Eastern Cape is one of South Africa’s nine prov-
inces. Its health outcome and health service indicators
are among the country’s worst. Two major reports, by
the Treatment Action Campaign and Human Rights
Watch, highlighted weak accountability mechanisms in
their analyses of health systems failure in the Eastern
Cape [2, 3] . While several hospitals, clinics, and individ-
uals are consistently identified as exemplary exceptions,
the province’s health system is generally seen as particu-
larly weak and politicized and can be considered to be in
a state of “chronic emergency” [2]. Some rural districts
stand out as the worst performing among the rest espe-
cially in the area of maternal health [4], yet some ser-
vices and programmes are consistently able to deliver
despite the overall weakness and dysfunction of the
health system. The Eastern Cape therefore provides a
valuable case study to explore health service provision in
the context of poor maternal health performance. The
aim of this case study was to identify the key drivers and
outcomes of maternal health service delivery in one of
these poorest performing rural districts in order to
strengthen the capacity of district staff to take steps to-
wards reducing maternal mortality. Systems dynamics
tools were used to engage stakeholders to analyse the
challenges and identify potential solutions. The work was
part of a broader study on health systems resilience [5–7],
a collaborative project between Mailman School of Public
Health, Columbia University and University of the
Western Cape‘s School of Public Health. The case study
was completed in collaboration with a WOTRO1-funded
project on, ‘mainstreaming a health systems approach to
delivery of maternal health services: transdisciplinary re-
search in Rwanda and South Africa’ (MH-SAR2), which
implemented participatory action research of health sys-
tem approaches to improving maternal health in Eastern
Cape by researchers from University of the Western Cape,
School of Public Health.
Systems analysis
A variety of forms of systems analysis are increasingly con-
sidered as appropriate means to unpacking the complex
nature and dynamics of health systems [8]. Systems ana-
lysis, which involves a holistic analysis of the complex
interrelationships of various parts in the system, offers an
effective means of exploring systems determinants of vul-
nerability and resilience. It is concerned with seeing the
‘whole’ instead of focusing on discrete ‘parts’ [9]. Complex
systems are characterized by emergent properties that
cannot be explained independently and persist for some
time, while adapting to changing conditions [10]. Systems
analysis makes it possible for researchers to identify key
leverage points within the system. These leverage points
are defined as “places within a complex system where a
small shift in one thing can produce big changes in every-
thing” [11].
One approach to analysing the dynamics of complex
systems is the use of group model building (GMB),
which focuses on the creation of causal loop diagrams
through intensive, participatory consultation with stake-
holders. GMB involves knowledge elicitation from a
group of people concerned with a particular issue
through group facilitation using scripts that prompt
model formulation [12, 13] . GMB has been described as
an action research process as it empowers participants
by formulating a problem and identifying plausible solu-
tions [14]. Causal loop diagrams (CLDs) are used as a
visualisation and communication tool to depict causal
relations between selected variables, focusing on positive
and negative feedback loops and development trends [8].
According to Videira et al. [15, 16] these types of ap-
proaches provide a structured platform for groups of
stakeholders from various organisations to participate
and engage actively in policy and decision-making pro-
cesses that foster knowledge co-production and shared
learning as well as reinforcement of critical thinking
skills.
Application of systems analysis in the health sector
In recent years, there has been an interest in the applica-
tion of systems thinking and modelling methods in the
health sector owing to its potential to address the inher-
ent complex nature of health systems and public health
issues [17, 18] Traditional health technology assessments
have been criticised for neglecting the impact of the
broader health systems elements crucial for the realisa-
tion of intended health system goals [19]. Lebcir [20] ar-
gues that the persistent failures in health care systems
management are a result of the limitations in “the tools
used to analyse, design, and implement actions and pol-
icies”, and contests that “managerial decisions are too
simplistic to cope with the complexity involved in such
system resulting in well intended policies producing un-
intended consequences” [20]. The author suggests that
this misery of policy failures can be minimised by apply-
ing a holistic approach to the analysis of health care sys-
tems considering the interconnected nature of the
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system and therefore advocates the use of systems think-
ing and particularly systems dynamics methodology.
To date a number studies have applied systems
analysis in the health sector across the areas of
immunization, neonatal mortality, and other health
related topics [20–25]. Very few studies have applied
systems analysis in the area of maternal health. Sooka
and Semwanga [25] and Cramer [26] used forms of this
methodology to analyse and model maternal health
dynamics in Uganda with respect to the high maternal
mortality rates despite efforts made by the Ugandan
government. The studies highlighted some useful appli-
cations of systems thinking analysis in maternal health
care [24] [27].
This study also used systems thinking tools to surface
health systems dynamics effecting high maternal mortal-
ity rates in the study district. This study however used a
qualitative systems analysis aimed at surfacing the struc-
ture of the complex system driving poor maternal health
outcomes in the district using a participatory approach
to engage with stakeholders. The process empowers
stakeholders to analyse the problem and understand the
system issues affecting maternal health as they develop
the systems model and identify key leverage points for
intervention.
Methods
The study used a systems analysis approach that
followed a structured participatory method involving
four distinct phases: (i) problem analysis and individual
interviews; (ii) preliminary data analysis and planning for
GMB; (iii) GMB workshop and creation of CLDs; and,
(iv) documentation, model refinement and results dis-
semination. The study was conducted between July 2014
and March 2015.
Phase 1. Problem analysis and individual interviews
In this phase, the research team and stakeholders at pro-
vincial and district level negotiated the focus and bound-
aries of the case study, which included focusing on
maternal health services as compared to looking at the
whole health system. The team also agreed to focus on
the whole district rather than a part of it. This phase
built on contextual knowledge developed through
analysing the published and grey literature and a
long-standing engagement and collaboration with
various actors and institutions through the existing
WOTRO funded project. Two staff members from the
district were appointed to work with the research team
through the rest of the research process as a joint plan-
ning team.
After establishing the boundaries, a series of key in-
formant interviews were conducted to solicit informa-
tion from a broad range of actors, and to familiarize the
research team with details of the local context. The key
informants were selected depending on their knowledge
regarding specific aspects of the system which impact on
maternal health. These informants were identified by the
district planning team that was selected to work with the
research team. Snowballing was also used as the key infor-
mants referred the research team to some individuals in
the district for specific information. Key informants in-
cluded the Provincial maternal health manager, two dis-
trict level managers, two Sub-district health managers,
five professional nurses from four health facilities, two
hospital chief executive officers, one Sub-district pharma-
cist, a drug depot manager, four Sub-district emergency
transport managers, emergency transport call centre staff,
one health promoter and eight patients (two pregnant and
six post-partum women) from two rural health facilities
and one semi-urban hospital. One patient was interviewed
at a rural health clinic; two at a rural health centre and five
at the semi-urban hospital.
Patients were randomly selected from a group of
women that were present at the health facility at the day
of interview. Only staff were given appointment dates
and times. For other key informants, the interviews took
place in their respective offices. Each participant was
provided with information about the purpose of the
interview and assured of confidentiality and anonymity
as regards participation. An additional letter of clearance
was obtained at the district health office to conduct fa-
cility interviews. The interviews were conducted by the
researchers in English except for those patients who
were interviewed in the local language (isiXhosa) using a
translator who was employed as a research assistant. In-
terviews were conducted until a saturation point was
reached, whereby there was no new information gener-
ated from the various categories of participants [26].
An interview guide was used to structure the discus-
sions with questions focused on health system issues
that affect maternal health, including drug supplies, re-
ferral systems, transport availability, human resources,
leadership, quality of care and other aspects which affect
maternal health. The interviews were tape recorded after
obtaining permission from the interviewees and notes
were taken to capture the main discussion points. The
recorded interviews were transcribed by researchers in
written scripts. Overall, 24 people were interviewed.
Phase 2. Preliminary data analysis and planning for GMB
The second phase entailed preliminary data analysis and
planning for the GMB workshop. This phase drew to-
gether a planning team comprising four researchers and
the dedicated two district staff to identify major themes
arising from the interviews. Each team member reviewed
all the interview transcripts and independently identified
key emerging issues, putting each issue on a separate
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post-it note. The team jointly grouped similar issues to-
gether under specific themes. Each theme was then turned
into a variable and defined to ensure collective under-
standing of the meaning of each variable as definitions
were based on what the interviewees highlighted as issues
surrounding those variables.
Using these variables, the planning team developed
an interrelationship diagraph (IRD) to highlight major
links and identified key drivers and outcomes of the
maternal health system (Fig. 1). Informed by the IRD
the planning team surfaced a ‘seed model’ to be used
as a starting point for the model building exercise in
the GMB workshop in phase three (Fig. 2). A work-
shop program was developed featuring “scripts” to
structure the stages of discussion [13, 14, 28, 29]. At
this stage, the planning team drew a one pager sum-
mary providing the research background, aim, objec-
tives and the preliminary findings from key informant
interviews. The one pager was used to invite partici-
pants to the workshop. This summary was drafted in
the form of a letter signed by the District health
manager and sent to all stakeholders who were in-
vited to the workshop. The research team requested
to have 15 participants invited in order to manage
the participatory process well according to expert rec-
ommendations [30]. Due to the varied number of
stakeholders the district office felt were important to
the process, 20 participants were invited, but 23
people turned up as some participants were invited
by their colleagues. This clearly shows how commit-
ted the district team was in dealing with the issue of
maternal health.
Phase 3. Group model building (GMB) workshop and
creation of CLDs
The third phase involved the GMB workshop itself, a
1-day session with 23 participants selected by the district
planning team to represent a spectrum of stakeholders
providing key perspectives on the functioning of the ma-
ternal health care system in the case study district. The
participants comprised representatives from the Provin-
cial Department of Health, district and sub-district
health offices, hospitals, emergency medical services,
and NGO partners.
To ensure success of the GMB process in this diverse
group of participants, the facilitator used a series of ac-
tivities that served to “level the playing field” and chal-
lenge their assumptions about the workshop topic.
Participants were subsequently asked to sketch the situ-
ation of pregnant women in the district using pictures
and a few words, bringing in multiple perspectives as
represented by the attending stakeholders. This exercise,
referred to as the production of “rich pictures”, gener-
ated a lot of discussion and connected with many of the
issues that had been covered in prior interviews. At this
point the research team presented the main issues
emanating from the key informant interviews to the
workshop participants and requested their comments,
additions or subtraction. This process provided an op-
portunity to reach consensus on key variables, adding
new variables that were missed in the initial analysis,
and acted as a triangulation process for the information
collected from the key informants.
After agreeing on the key issues /variables identified
from key informant interviews and additional variables
Fig. 1 Interrelationship Diagraph
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drawn from the “rich picture” discussions, the next step
involved participants drafting an IRD to surface interlin-
kages and potential causal relationships among the identi-
fied system variables. Participants were divided into three
small groups to explore the relationships among these var-
iables. This exercise generated a lot of discussion among
stakeholders and served to facilitate a shared understand-
ing of some of the complex dynamics shaping the oper-
ation of the health system.
The next step in this phase was to develop casual loop
diagrams. This was also done in small groups. Partici-
pants were first presented with the ‘seed model’ (Fig. 2)
that was created earlier by the planning team to use as a
starting point for the development of causal loop dia-
grams (CLDs). The seed model was first confirmed by
participants and each group started to develop their own
CLD from this seed model using the IRD and rich pic-
tures as reference points. Each group developed a CLD
that reflected the systems structure driving maternal
health outcomes in the case study district. These CLDs
were captured by research team members using Vensim
PLE software.3 CLDs from each group were consolidated
into a single model (Fig. 3).
The GMB session ended by having participants reflect
on strategies to address the situation revealed through
the systems analysis and begin to identify some key le-
verage points for implementation of system changes.
Phase 4. Documentation, model refinement and
dissemination of study findings
The fourth phase involved documentation, model
refinement and dissemination of study findings. Model
Fig. 2 Seed Model
Fig. 3 Preliminary Causal Loop Diagram representing factors influencing maternal mortality in OR Tambo District developed during group model building
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refinement involved identification of feedback loops and
key leverage points in the system by the research team.
The research team also drafted a study report that was
sent to the district planning team for comments. A feed-
back workshop was organized to share and discuss the
systems model with a broader audience in the district
for validation and seek input from those that were not
present during the GMB workshop. The model was dis-
cussed in small groups and served as platform for the
development of local action plans, informed by the pres-
entation of best practices in other Provinces and com-
mitment planning amongst workshop participants. The
outcomes and some of the action plans developed are
being implemented in the ongoing WOTRO Action Re-
search work.
Study limitations
For an in-depth analysis using GMB methodology, a 2–3
days workshop process is recommended [12]. Due to time
constraints on the part of stakeholders, however, the
workshop needed to limited to one full day. This means
that there was less time available to elaborate all potential
relationships among the factors of the full systems model.
Similarly, although the number key informant interviews
conducted was seen to achieve saturation of elicited con-
structs, it is possible that broader consultation across the
sub-districts may have highlighted other issues. Finally,
while development of causal loop models to represent
shared understanding of systems functioning is recognised
as an appropriate end-point of systems analysis [12, 14],
quantitative validation of models is a common feature of
systems dynamics approaches [10, 12]. However, in this
context, HMIS and other data sources were inadequate to
pursue sensitive analyses and validation.
Results
Eighteen variables were confirmed as key drivers or out-
comes of maternal health in the district by stakeholders
during the GMB session. Most of the variables were
identified through informant interviews while a few were
added through discussion among stakeholders during
the workshop. Further confirmation of these variables
was done with a bigger audience of stakeholders in the
district during the dissemination workshop as elaborated
in phase 4 of the research process. These variables com-
prised: quality of care; maternal mortality; patient attend-
ance; patient waiting time; workload; human resource
availability; availability of equipment; transport availability;
effectiveness of the referral system; staff training; staff atti-
tudes, commitment and motivation; staff competence and
confidence; staff support; personnel management; drug
availability; leadership and team building; NGO support;
and use of information (Fig. 3). Leadership and team
building emerged as a key driver of maternal health care
in the district, while the key outcome was quality of ma-
ternal health services which in turn affect maternal mor-
tality. Each of these key variables is described in the
following section.
Quality of care and maternal mortality
Workshop participants identified a number of factors
contributing to quality of care, all of which were consid-
ered to be deficient: staff availability, attitudes, commit-
ment and motivation, and competencies; availability of
drugs and equipment, and emergency transport services.
Late presentation of pregnant women at health facilities
and the lack of timely assistance were linked to poor
emergency transport, poor services at facility level, poor
staff attitudes and long waiting times. One patient
observed:
“For the first baby, we called for an ambulance and it
never came and they tried finding the neighborhood
car for hire and [it] never came until the time came
and I delivered about 3am in the morning at home.
Grannies at home and neighborhood adults helped
me” (Patient – Rural Health Center)
Staff availability and staff attitudes, commitment and
motivation
Staff shortages were seen as an enormous challenge in
the district. Practically, this meant that midwives per-
ceived frequently having to perform extra duties and
work long shifts. This in turn negatively influenced their
attitudes, commitment and motivation. Their perception
of managers was that managers were indifferent to the
welfare of midwives. Managers, in turn, resented having
too many programmes to oversee and felt that this
workload made it difficult to provide adequate support
to staff. One health facility reported:
“There are only two professional nurses at this health
center, the clinic manager has been borrowed to act
(in) some position at the sub-District office and she
only comes to the clinic a few days a month. We have
to attend to management issues in her absence, which
increases our work pressure. Our clinic also does not
have a medical officer although it is supposed to have
two.” (Professional nurse- Rural Health Center)
Other challenges attributed to staff shortages included the
difficulty to attract and retain health workers in the dis-
trict because of its rural nature and the lack of differenti-
ation in rural allowances across the district. Despite these
challenges, some health workers reported to be commit-
ted to their work and trying to provide a good service.
Most of the committed respondents were elderly, who
Lembani et al. BMC Health Services Research          (2018) 18:912 Page 6 of 12
originated from the district and therefore felt a sense of
responsibility to serve their people regardless of the work-
ing conditions but also wanting settle in their home dis-
trict after retirement.
Staff training, support, and competence
Both GMB participants and key informants reported
that, as a result of structural reforms in training and
work arrangements, staff competence and confidence
had been affected. A growing cadre of nurses working in
health facilities was unable to work independently due
to lack of experience. The participants argued that the
training curriculum had become more theoretical than
practical, and nurses were deployed to health facilities
without adequate experience.
“Quality of staff is not to the standard as before due to
changes in the curriculum. Before one had to do 3
years (of ) general nursing and 1 year midwifery. But
now within 4 years, one is doing general nursing,
midwifery, and two more specializations” (Chief
Executive Officer - Rural Hospital)
One result of this situation was an increase in referrals for
conditions that could have been managed at a lower level
of care but were referred because nurses feared being held
accountable if something went wrong. Health workers also
complained about a lack of support from their managers,
leading to demotivation and poor performance.
“We are working under a lot of frustration without any
proper supervision and when the supervisor comes, she
is not encouraging us at all” (Nurse - Rural Health
Centre)
Personnel management
Personnel management was associated with staff avail-
ability and retention. Key informants reported that staff
recruitment lasted too long, and that there were many
acting positions in the district, which lasted for many
years. These people felt abused because of being paid a
lower salary in spite of working at a higher level. Staff
also felt frustrated because of the perceived lack of at-
tention to their concerns.
“I am resigning because I have been acting in this
position for a long time and I have not been given the
post. I have asked the district several times but they
did not do anything until now and I was told the post
has been frozen. I have so many projects to manage
and yet I am not compensated for the work I do. I am
tired now and I have decided to resign.” (Maternal
and child health manager -Sub-district level)
Drugs and equipment availability
Many interviewees complained about a shortage of drugs
and equipment, although this was often due to lack of
maintenance rather than absence of the equipment. It was
also reported that there was only one technician for the
whole district. Broken equipment was usually taken to the
dealership, but there was a slow turnaround time due to
late payment of government bills.
Pharmacists interviewed in this study also reported
staff shortages, including of pharmacy assistants, leading
to problems processing orders. This resulted in mistakes
that had to be corrected in order to avoid dispatching
incorrect orders, which in turn could result in
stock-outs at other facilities. Processing of orders in dif-
ferent formats was also adding to the work load in an
already under-staffed environment.
“Our major challenge is human resource shortage at
all levels, - clinic, sub district and depot. This affects
the proper preparation of orders, screening of the
orders and system capturing which may lead to
unnecessary delays.” (Sub-district pharmacist)
Transport availability
Facilities reported challenges in accessing emergency
maternal ambulance services, which was also illustrated
in rich picture format during the GMB session, and
challenges to attend meetings or conduct supervision.
Practices reported by some managers as ways to manage
transport challenges included efforts to piggy-back
supervision visits onto NGO travel so that NGO vehicles
could be used, and sometimes using their own vehicles
to visit facilities which were relatively accessible.
“Some of our facility staff need on-site training that is
more like mentoring but there’s no transport to take
those people who can do some mentoring to the facilities.
If they have to go out, they join … and … when they are
going out to do their programs, and they just go to the
side where … is going.”(Sub-district manager)
Effectiveness of the referral system
Due to perceived poor quality of services, some patients
preferred to go directly to a higher level of care, which
increased the workload for these facilities. In the case of
maternal services, it was reported that staff were over-
whelmed as they ended up having to deal with more pa-
tients than anticipated. This could result in patients
sleeping in the corridor or being left unattended. Lack of
transport in remote areas also proved to be troublesome.
Interviews with the emergency transport services and
health workers revealed that the turnaround time for
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certain areas took long due to long distances or bad road
conditions. They bemoaned the lack of trained personnel
to accompany the patient for assistance in case of emer-
gency. The central booking system at the district call
centre also proved ineffective.
“We have a challenge of delays in transport when we
call for emergency because we don’t have a land phone.
We use our cellphones which delays in registering at the
call center. We have an ambulance here at the clinic but
we are not allowed to use it until we get permission from
the call center.” (Professional nurse from a rural clinic)
Leadership and team building
GMB participants identified leadership as a key driver af-
fecting the health system, noting that well-performing
facilities where marked by dedicated leadership and team-
work. Such facilities organized regular meetings and
jointly addressed challenges. Their managers supported
and were able to retain staff, because the latter felt moti-
vated and acknowledged, leading to higher levels of confi-
dence and improved quality of care. Figure 3 confirms
that GMB participants saw staff availability; staff attitudes,
commitment and motivation; staff competence, confi-
dence and empowerment; drug, equipment and transport
availability; quality of care; and effectiveness of the referral
systems as all influenced by leadership.
NGO support
NGOs were reported as important actors trying to sup-
port the district in a variety of ways, although respon-
dents also expressed some scepticism about NGO
accountability and the overall effectiveness of NGO sup-
port. Some felt that better arrangements could be made
with NGOs to maximize efficiency. Some NGOs also
supported the salary payments of health workers, such
as health promoters and pharmacists, and their work
was often highly appreciated.
“At least we are motivated by some NGOs who are
trying to give us support, they helped us with
equipment like a blood pressure machine and
stethoscopes” (Clinic manager, semi-urban clinic)
Data management and internal accountability
GMB participants reported that data on performance in-
dicators was hardly used to inform evidence-based
decision-making, contributing to weak internal account-
ability. One participant pointed to a lack of interest from
managers, and some interviewees reported cases of mis-
management of resources.
Other issues
Although not included in the causal loop diagrams some
broader contextual factors were included in the model
development. For example, key informants pointed to
structural changes that affected the system performance,
including detaching health centres and clinics from hos-
pitals. This denied newly appointed health workers the
opportunity to work under supervision of experienced
hospital staff before becoming more responsible at their
facility.
“Most of the deaths that occur are classified as
avoidable but due to lack of experience the new
graduate professional nurses who are isolated in the
clinics have no experience to handle certain conditions
and they always refer the cases instead of treating the
patients” (Manager –District level)
Another structural change related to the centralization
of the drug supply, whereby changes in the procurement
process created more challenges due to limited staff cap-
acity. Likewise, the establishment of sub-districts had
put more pressure on the health system, because it
added another layer of bureaucracy. Power relations and
tensions became apparent when sub-district managers
felt bypassed in terms of decision-making by their dis-
trict managers.
Discussion
The results of the GMB process revealed that the district
health team experienced multiple health system chal-
lenges that led to poor quality of maternal health ser-
vices being rendered to their patients. Among these
featured poor staff attitudes towards patients, which is a
common phenomenon in health facilities in South Africa
[31, 32]. The National Department of Health has com-
mitted itself to ensure that avoidable maternal, neonatal
and under five deaths are averted [33]. However, the
progress is still low as noted in this case study.
Although CLDs only capture the structure of the sys-
tem, and not necessarily the strength of the relationships
between variables, systems mapping and CLDs were
used by stakeholders in this study to begin to unpack
the ways in which multiple factors were connected in
contributing to this poor performance. In doing so they
could identify feedback loops (Fig. 4) that both resulted
in the performance being intractable to address and sug-
gest strategies for sustainable improvement [34]. For ex-
ample, quality of leadership was shown to have a
pervasive influence on the overall performance of the
system with links to several other factors and feedback
loops,such as staff motivation (reinforcing feedback loop
R1) and capacity building (reinforcing feedback loop R3).
The extent to which R1 could become a virtuous cycle
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depends upon its interaction with other feedback loops.
Unless workload (balancing feedback loop B2) and pa-
tient waiting times and satisfaction (balancing feedback
loop B1) are addressed, improved leadership and support
are likely to have limited impact on staff competence
and attitudes.
Thus, a virtuous cycle of improved quality of care (re-
inforcing feedback loop R2) requires inputs such as drugs
and staff, effective management, including personnel
management, and effective referral systems, the latter in
turn reflecting the availability of transport, as well as
workload (B2). In the absence of this concerted attention
and action, demand for services might paradoxically be
“balanced” in a less positive way: increased workload ex-
tends patient waiting times, which could over time lead
to reduced patient attendance. With respect to drug
availability, despite staffing challenges, the fact that the
drug supply depot is within the district facilitated access.
Understanding these dynamics assisted participants to
begin to identify strategies to address the factors leading
to underperformance of the district maternal care system.
Unlike other studies that have used systems dynamics
modelling to inform maternal health policies at national
level [24, 27], this study aimed at working with stake-
holders to analyse and understand the key drivers and out-
comes of maternal health and for the stakeholders to
identify leverage points to begin to address such factors.
Leadership and team building, staff support and staff
competence were identified as key leverage points within
their scope of influence and authority to address the
chronic underperformance of maternal health services in
the district. Participants explored the wider impacts of
these leverage points on other variables, including staff
support, motivation and commitment. Staff support
could also increase staff confidence and competence,
which through enhanced use of information, would
strengthen leadership and team building. Where leader-
ship and team building failed, the feedback loop became
a vicious cycle in which limited support to staff resulted
in low motivation and commitment, in turn weakening
leadership and team building. It was also observed that
where strong leadership existed, the suggested feedback
loop dynamics were confirmed: staff in those facilities
were reported to be more motivated and improved
health outcomes were noted.
Sooka and Rwashana [25] in their interviews with
mothers attending antenatal care, nurses, and adminis-
trators, reveal similar issues as in this study although
expressed using slightly different terminology. These in-
clude long distance to the hospital, insufficient hospital
facilities such as beds, shortage of staff, inadequate ob-
stetric facilities and staff work load. They use two CLDs,
one that focuses on demand for maternal healthcare ser-
vices and the other on the general maternal health care
Fig. 4 Causal loop diagram depicting key pathways of influence on maternal services within OR Tambo District
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sub-system. The CLD on demand for maternal health
care services consist of factors such as accessibility,
number of reproductive females in the population, level
of trust in the system driven by effectiveness of the ma-
ternal health care system, affordability and level of
awareness of maternal health care services. The latter is
also influenced by other factors such as the media, be-
liefs, literacy levels, government actions and poverty
levels. The maternal health care subsystem covers fac-
tors mainly related to health workers’ motivation in
terms of the number of workers that determine work-
load, salaries and allowance compensation, and safety,
skills and training levels, in turn affecting the effective-
ness of the maternal health care system alongside other
factors in the CLD such as resources that depend on
government actions, adoption and usage of technology
as well as demand for maternal health care services. The
policy recommendations include the need for govern-
ment to increase funding in the maternal health care
services such as construction and maintenance of health
facilities, recruitment of skilled providers, provision of
refresher courses for existing staff, increased remuner-
ation packages, and improvement in emergency obstetric
care facilities, including drugs, equipment and supplies.
Other recommendations focus on affordability of ser-
vices, building trust in the health system, increasing
awareness on availability of maternal health care services
and paying attention to population growth [24]. These
recommendations have been found to be effective in ad-
dressing maternal health outcomes [35, 36] and have
been mentioned by other researchers, including World
Health Organisation (WHO) policy guidelines [37].
Key leverage points identified by stakeholders in this
study are, as mentioned above: leadership and team
building, staff support and staff competence. Participants
identified other factors requiring attention, including
effective collaboration with NGOs (a dimension of team-
work which reflects effective leadership), resource avail-
ability in terms of human resources, drug supplies, and
equipment (both a critical input and reflection of the ef-
fectiveness of leadership in securing other essential in-
puts), and use of information. Valuable information is
generated to guide managers in their work priorities, but
rarely meaningfully used. Limited availability of human
resources at various levels and with various skills was
also found to have negative effects on availability of drug
supplies, servicing of equipment and staff workload lead-
ing to poor quality of care. The need to strengthen
personnel management functions was hence an area that
was identified as necessary to ensure staff retention and
quick recruitment procedures.
Participants acknowledged that after going through
the systems mapping process prior conceptualisations
were challenged and their perception of which factors
really affect their health system had changed dramatic-
ally. Unlike many health systems in sub-Saharan Africa,
they acknowledged that their health system was rela-
tively well funded, and that it had some level of re-
sources to build upon, including equipment which
mostly required some maintenance, and drugs, which
were available in the central stores but lacked an effect-
ive distribution mechanism. Further, participants noted
that the lack of staff was not the most critical aspect as
had often been portrayed. Rather, the crucial factors
were the retention of staff through mentoring of staff
which could be achieved through effective leadership
and team building.
Some health facilities had been able to develop good
leadership and teamwork, but this was largely absent.
Few managers had strong leadership capacity, and it was
therefore recognized that the district was responsible to
identify people with leadership skills and put them in
strategic places to ensure benefits to the district as a
whole. Leadership capacity has been identified as a key
constraint to effective health service delivery in South
Africa [38], and there has been much interest in leader-
ship capacity development recently, considering health
systems as complex adaptive systems that require effect-
ive leadership to deal with such complexities unlike
managers who are only concerned with “doing things
right” [39, 40].
Identifying and relocating people with adequate leader-
ship skills was a necessary but not sufficient long term
strategy, however. The impact of workload (B2) and pa-
tient satisfaction (B1) balancing loops is such that the
system will continue to generate resistance to change -
and restrict achievement of the goals of improved quality
of care and reduced maternal mortality - unless atten-
tion is paid to workload and waiting times. Where
strong leadership existed within the district, this was
achieved through improved personnel management and
NGO support.
Conclusion
Understanding the complex interrelationships of factors
in the health system is key to identifying workable solu-
tions especially in chronic underperforming systems.
Systems analysis using group model building – and in
particular the identification of feedback loops linking
various factors – served to highlight leverage points for
intervention. Further, producing such analysis through a
participative group modelling process that engaged a
broad range of stakeholders served to provide the basis
for a shared understanding of the problem and identifi-
cation of potential solutions. Securing a means for col-
laborative analysis within local health systems facing
acute or, as here, chronic adversity is a key step towards
bolstering health systems resilience. Resilience requires
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systems assets to be recognized, as well as the patterns of
interaction that serve to either build upon or erode such as-
sets. Group model building here provided an efficient
means for both: supporting stakeholders in recognizing
valuable resources within the context of a dysfunctional
system, and identifying systems dynamics – focused around
leadership, staff competence and staff support – that pro-
vided the most plausible mechanisms to strengthen systems
performance. The development of local action plans on the
basis of the outputs of the analysis indicates the utility of
causal loop analysis in identifying points of leverage for pol-
icymakers and service managers. While the qualitative ana-
lysis that informed model development did not indicate the
strength of influence of relationships between variables, it
served to highlight hypotheses of where intervention might
be most effectively and feasibly focused. In these circum-
stances, equipping stakeholders with a shared framework
with respect to which their activities and influences are
mapped may be the most valuable contribution of this
approach.
Endnotes
1The Netherlands Organisation for Scientific Research
2Maternal Health Research in South Africa and
Rwanda
3Vensim PLE for Windows Version 6.1 is a simulation
software freely available for educational purposes from
http://vensim.com/
Abbreviations
CLD: Casual loop diagram; GMB: Group model building; HIV: Human immune
deficiency; HR: Human resource; IRD: Interrelationship diagraph; NGO: Non-
Governmental Organisation; UWC: University of the Western Cape;
WHO: World Health Organisation
Acknowledgements
The authors would like to thank the district manager and the district planning
team for their support in identifying interviewees and organising the group
model building session.
Funding
This research was funded by the UK Department for International Development
(DFID) through the ReBUILD Consortium. The funder did not play any role in
the design of the study, collection, analysis and interpretation of data and in
writing of the manuscript.
Availability of data and materials
Not applicable
Authors’ contributions
AA, HD and CZ conceived and designed the study. ML, HDP, PD, CZ and TM
were involved in data collection. ML, HD, PD and TM facilitated the Group
Model Building session. All authors drafted various sections of the manuscript.
All authors read drafts and made comments on the manuscript. All authors
read and approved the final manuscript.
Ethics approval and consent to participate
Ethics approval was obtained from the Senate Research Committee of the
University of the Western Cape and consent forms were used to seek consent
from participants. Information sheets were also given to participants to provide
information regarding the purpose of the research.
Consent for publication
Not applicable
Competing interests
The authors have declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1School of Public Health, University of the Western Cape, Private Bag X17,
Bellville, Cape Town 7535, South Africa. 2Mailman School of Public Health,
Columbia University, New York, USA. 3University of Montreal Hospital
Research Centre and School of Public Health, University of Montreal,
Montreal, Canada. 4Institute for Global Health and Development, Queen
Margaret University, Edinburgh, Scotland, UK.
Received: 24 August 2017 Accepted: 16 November 2018
References
1. South African History Oline. Public Protest in Democratic South Africa. 2014;
Available from: http://www.sahistory.org.za/article/public-protest-
democratic-south-africa. Accessed 24 Nov 2016.
2. Heywood M. Death and dying in the Eastern Cape: An investigation into
the collapse of a health system. Cape Town: Treatment Action Campaign
and SECTION27; 2013. http://section27.org.za/wp-content/uploads/2014/10/
SECTION27-report-redacted.pdf. Accessed 18 May 2016
3. Human Rights Watch. “Stop Making Excuses” Accountability for Maternal
Health Care in South Africa. New York: Human Rights Watch; 2011. https://
reliefweb.int/report/south-africa/%E2%80%9Cstop-making-
excuses%E2%80%9D-accountability-maternal-health-care-south-africa.
Accessed 18 May 2016
4. Massyn N, Peer N, Padarath A, Barron P, Day C, editors. District health
barometer 2014/2015. Durban: Health Systems Trust; 2015.
5. Lembani M, de Pinho H, Delobelle P, Zarowsky C, Ager A. Health systems
resilience: a systems analysis. A case study of technical assistance to HIV
Services in Cote d’Ivoire in the context of civil unrest following the disputed
presidential election of 2010. New York: Columbia University Mailman
School of Public Health; 2014.
6. Ager A, Lembani M, Mohammed A, Ashir G, Abdulwahab A, Pinho H, et al.
Health service resilience in Yobe state, Nigeria in the context of the Boko
Haram insurgency: a systems dynamics analysis using group model
building. Confl Heal. 2015;9(1):1–14.
7. Lembani M, de Pinho H, Delobelle P, Zarowsky C, Mathole T, Ager A. Health
systems resilience: a systems analysis. A case study of maternal health
service provision in OR Tambo District, eastern cape, in the context of
chronic poor health performance. New York: Columbia University Mailman
School of Public Health; 2015.
8. Trochim W, Cabrera D, Milstein B, Gallagher R, Leischow S. Practical
challenges of systems thinking and modeling in public health. Am J Public
Health. 2006;96(3):538–46.
9. Sedlacko M, Martinuzzi A, Ropke I, Videira N, Antunes P. Participatory
systems mapping for sustainable consumption: discussion of a method
promoting systemic insights. Ecol Econ. 2014;106(2014):33–43.
10. Luke D, Stamatakis K. Systems science methods in public health: dynamics,
networks, and agents. Annu Rev Publ Health. 2012;33(1):357–76.
11. Meadows DS. Leverage points: places to intervene in a system. Vermont:
Sustainability Institute; 1999. http://donellameadows.org/wp-content/
userfiles/Leverage_Points.pdf. Accessed 20 June 2017
12. Vennix J, Andersen D, Richardson G. Foreword: group model building, art,
and science. Syst Dynam Rev. 1997;13(2):103–6.
13. Andersen D, Richardson G. Scripts for group model building. Syst Dyn Rev.
1997:107–29.
14. Hovmand P, Andersen D, Rouwette E, Richardson G, Rux K, Calhoun A.
Group model-building “scripts” as a collaborative planning tool. Syst Res
Behav Sci. 2012;29(2):179–93.
15. Videira N, Antunes P, Santos R. Scoping river basin management issues with
participatory modelling: the Baixo Guadiana experience. Ecol Econ. 2009;
68(4):965–78.
Lembani et al. BMC Health Services Research          (2018) 18:912 Page 11 of 12
16. Videira N, Lopes R, Antunes P, Santos R. Mapping maritime sustainability
issues with participatory modelling. Syst Res Behav Sci. 2012;29(6):596–619.
17. Atkinson J-A, Wells R, Page A, Dominello A, Haines M, Wilson A. Applications
of system dynamics modelling to support health policy. Public Heal Res
Pract. 2015;25(3):e2531531.
18. Hirsh GB, Homer J. Modeling the Dynamics of Health Care Services for
Improved Chronic Illness Management. Oxford: 22nd International
Conference of the System Dynamics Society; 2004. http://www.
systemdynamics.org/conferences/2004/SDS_2004/PAPERS/144HIRSC.pdf.
Accessed 13 June 2017
19. Marshall D, Burgos-Liz L, IJzerman M, Osgood N, Padula W, Higashi M, et al.
Applying dynamic simulation modeling methods in health care delivery
research—the SIMULATE checklist: report of the ISPOR simulation modeling
emerging good practices task force. Value Health. 2015;18(1):5–16.
20. Lebcir RM. Health care management: the contribution of systems thinking.
Hatfied: University of Hertfordshire; 2006. https://uhra.herts.ac.uk/bitstream/
handle/2299/683/S65.pdf. Accessed 19 April 2017
21. Varghese J, Kutty R, Paina L, Adam T. Advancing the application of systems
thinking in health: understanding the growing complexity governing
immunization services in Kerala, India. Health Res Policy Syst. 2014;12(1):1–12.
22. Semwanga A, Nakubulwa S, Adam T. Applying a system dynamics
modelling approach to explore policy options for improving neonatal
health in Uganda. Health Res Policy Syst. 2016;14(1):35.
23. Paina L, Bennett S, Ssengooba F, Peters DH. Advancing the application of
systems thinking in health: exploring dual practice and its management in
Kampala, Uganda. Health Research Policy and Systems. Health Res Policy
Syst. 2014;12(41):14.
24. Agyepong I, Aryeetey G, Nonvignon J, Asenso-Boadi F, Dzikunu H, Antwi E,
et al. Advancing the application of systems thinking in health: provider
payment and service supply behaviour and incentives in the Ghana
National Health Insurance Scheme – a systems approach. Health Res Policy
Syst. 2014;12(1):1–17.
25. Sooka C, Rwashana-Semwanga A. Modeling the dynamics of maternal
healthcare in Uganda: a system dynamics approach. World J Model Simul.
2001;7(3):163–72.
26. Cranmer N. Understanding Maternal mortality ratio reduction bottlenecks in
Uganda. A system dynamics approach for policy development. Masters
Thesis: University of Bergen; 2014. http://bora.uib.no/bitstream/handle/1956/
8432/121804214.pdf?sequence=1. Accessed 23 Mar 2017
27. Rwashana A, Nakubulwa S, Nakakeeto-Kijjambu M, Adam T. Advancing the
application of systems thinking in health: understanding the dynamics of
neonatal mortality in Uganda. Health Res Policy Syst. 2014;12(1):36.
28. Fusch PI, Ness LR. Are we there yet? Data saturation in qualitative research.
Qual Rep. 2015;20(9):1408–16.
29. Luna-Reyes L, Martinez-Moyano I, Pardo T, Cresswell A, Andersen D,
Richardson G. Anatomy of a group model-building intervention:
building dynamic theory from case study research. Syst Dynam Rev.
2006;22(4):291–320.
30. Ager A, de Pinho H, Lembani M, Bennett K, Delobelle P, Zarowsky C. Scripts
to support group model building: a guide for participatory systems analysis.
2015. https://rebuildconsortium.com/media/1226/hsr_scripts-for-group-
model-building_october-2015.pdf. Accessed 13 Mar 2017.
31. Bérard C. Group model building using system dynamics: an analysis of
methodological frameworks. Electronic J Bus Res Methods. 2010;8(1):35–45.
32. Jewkes R, Abrahams N, Mvo Z. Why do nurses abuse patients? Reflections
from south African obstetric services. Soc Sci Med. 1998;47(11):1781–95.
33. Sastry A, Long K, de Sa A, Salie H. Collaborative action research to reduce
persistently long patient wait times in two public clinics in Western Cape,
South Africa. Lancet Global. https://doi.org/10.1016/S2214-109X(15)70137-3.
34. South Africa Department of Health. Report of the maternal child and
women’s health summit: Birchwood Conference Centre; 2009. Accessed 2
June 2017
35. Kim D. Guidelines for drawing causal loop diagrams. Systems Thinker. 1992;
3(1):5–6.
36. Ezeonwu M. Policy Strategies to Improve Maternal Health Services Delivery
and Outcomes in Anambra State, Nigeria. Health Care Women In.
taylorfrancis. 2014;35(7–9):828–44.
37. Partnership for Maternal, Newborn & Child Health and WHO. A Policy Guide
for Implementing Essential Interventions for Reproductive, Maternal,
Newborn and Child Health (RMNCH): A Multisectoral Policy Compendium
for RMNCH. Geneva: World Health Organisation; 2014.
38. Wilson T, Davids S, Voce A. Frontline managers matter: wellness for effective
leadership. In: Padarath A, King J, English R, editors. South African health
review. Durban: Health Systems Trust; 2015. p. 127–40.
39. Kwamie A. Balancing management and leadership in complex health
systems: comment on“ Management matters: a leverage point for
health systems strengthening in global health.”. Int J Health Policy
Manag. 2015;4(12):849.
40. Gilson L, Daire J. Leadership and governance within the south African
health system. In: Padarath A, English E, editors. South African health review.
Durban: Health Systems Trust; 2011. p. 68–80.
Lembani et al. BMC Health Services Research          (2018) 18:912 Page 12 of 12
